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L I S T O F SYMBOLS U S E D .

B = magnetic induction per square centimetre.
H = true magnetising force. -

H', H" = apparent magnetising forced
A = area of cross-section.
/0 = friction pull at no magnetisation.
/ = pull when magnetised,
y = friction coefficient.
ft = permeability coefficient.

W = weight of moving bar.
« = acceleration.
g = acceleration due to earth.
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DISCUSSION. „

jtauichamp Mr. J- W . BEAUCHAMP : I would like to ask the author if he has
made any experiments with sheet iron such as is used for transformer
work, and, if so, if it is necessary to put them edgewise on the pole-
pieces.

Mr. King. Mr. W . N. Y. K I N G : I have been very much interested in the
excellent paper from the point of view of the central station engineer.
The size and correspondingly the cost of electric generators of given
output have of late years been much reduced by the increase in the
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speed of driving by the adoption of high-speed engines and turbines. Mr. King.
The use of high-permeability steel in the construction of electrical
machines has produced an effect in the same direction, as well as
an economy in the power required for magnetisation. No one appre-
ciates the value of details such as these, with a view to keeping down
costs, more than the producer of electrical energy. In 1898 I had
occasion to test a sample of cast steel to determine the hysteresis loss
for maximum values of B varying from 4,000 lines per sq. cm. to 16,000,
and I used, with satisfactory results, the ballistic method as described
by Professor Ewing in a paper read before the Institution of Civil
Engineers in 1896. I think some further interesting results would
have been obtained if the author had continued his tests with higher
value of B than the maximum value mentioned, namely, 8,000 lines
per sq. cm. I would like to ask the author if there are any reasons
detrimental to the higher values of B being used.

Mr. J. R. WILLIAMS : With regard to the yoke and bar to be tested, I ^
should like to know whether these were scraped up to a true plane sur-
face previous to the experiments being carried out. If not, I should
consider that the area of contact would vary within wide limits, and that
would undoubtedly tend to vary the no-load friction between the bar
and yoke ; again, the starting friction would be greater than the sliding
friction, and I do not consider that the method adopted by the author,
namely, " starting the movement of the bar by pressing against it with
his fingers," a satisfactory one. No two tests will be alike, and the
results will therefore only be approximately correct. On page 149 of
the paper the author states that the material under test may be left
almost untouched by a tool, and may be in very large pieces. I am of
the opinion that this will increase the liability to error due to varying
area of contact, and that a test carried out on these lines will result in
errors of rather large magnitude. As a general rule the material has to
be tooled before use, and therefore the comparison between a tooled
specimen and the material used in the actual machine will be more
correct than one between a rough untooled specimen and the tooled
material in actual use.

In Table I the author gives some erratic data obtained for the
coefficient of friction between the yoke and the test-bar, and if the
surfaces are not true planes this will probably account for the varying
results observed.

I think a better method of measuring the starting friction of the
test-bar would be by means of a cord passing over a pulley and attached
to a spring balance, which would register the pull. In my opinion this
would be an infinitely better method than the one shown by the author.

Mr. W. T. WARDALE : I should like to know what method the author Mr.
adopts for determining the starting friction, as I think a push with the Wardale'
finger would hardly be definite enough.

Mr. T. W. SAMPSON : With reference to tooling as mentioned on Mr.
page 149 of the paper, I notice that the specimen on the table has been SamPson-
filed, properly surfaced, and scraped very carefully; and it seems to me
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that, although one may gain to some extent in the simplicity of the test,
yet as regards the machining one would riot gain much advantage, at
any rate in reduction of the time occupied in the preparation of the
specimen. I don't know whether any of the members present are
familiar with the bar and yoke, but in this method there is a constant
number of turns, and the bar is turned to a definite size. In that case
the magnetic force is always the constant quantity, and the effect
simply depends on getting the proper diameter of a piece of steel,
which can be easily done in the lathe to any degree of accuracy. In
winding the specimen and calculating the value, it seems to me that
considerable error may be made, especially in a rough specimen. The
value of B depends to some extent upon the area of the specimen.
On a rough specimen this cannot be obtained very accurately, and
it has not been taken into consideration so far as I haVe noticed it.
I would like to ask Mr. Murdoch if he has got any relative values of
the effect of machining a turned specimen, and on a specimen such as
that on the table ; and also as to what degree of accuracy the value of
B could be calculated, as it seems to me that it is possible in trying
to get the simplicity to that extreme to lose a good deal in accuracy,
and consequently to-lose more than is gained as regards practical pur-
poses. I would like to ask if there is not a slight error in the formula

j u i . u - i . i u t . M 2 H 2 A . , , . i i f f Agiven on page 139, and whether it should be —„ instead of £—5—.
Off Off

Mr. E. J. MARSH : I should like to ask if it is necessary to have all
the test pieces uniform^ in length and cross-section, when using the
workshop type of this instrument for taking comparative tests, for if
this was not required, and the results obtained were approximately the
value of the larger specimen, with the area of contact on the poles
remaining the same, it would largely extend the use of such an instru-
ment in the workshop, where often series of rapid tests are necessary,
in which case the cost and trouble of mounting the specimens to a
uniform cross-section would probably be prohibitive. Regarding the
curve, it would be interesting to know at what point the author obtains
the best results.

Mr. R. P. LOVELL : With regard to the question of starting friction,
it struck me that this need not be considered if the weight put into the
scale pan is just sufficient to cause a slow movement of the bar in the
direction of its length. The times taken for the bar to move over a
given length would be a measure of the flux with various values of the
magnetising current. In order to eliminate the disturbing effect of the
ends of the bar as it is moved along, the ends should project well beyond
the yoke. I think the current might be led into the coil through mercury
troughs placed parallel to the direction of motion, and the arrangement
might be calibrated by placing known weights on the top of the bar
under test, the bar being in a demagnetised condition.

Mr. W. E. BURNAND : I think there is something in the remark with
regard to determining the starting friction, and I agree with the former
speaker that the: bar, being in motion, will get over the difficulty of
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starting friction. Also, the pressure exerted between the contact Mr.
surfaces depends not only upon the total flux, but on the distribution urnan '
of the flux (being greater with an uneven and concentrated distribution
than with an even distribution of the flux), and as this distribution will
vary at different parts of the B/H curve, some error, I think, will naturally
be introduced.

Mr. T. E. HERBERT : I have been very much interested in the points Mr.
raised in the discussion, but the criticism seems to have been directed
towards showing possible errors, and I am of opinion that the method
could not be considered absolutely trustworthy, and will, I think,
require a considerable amount of practice. No doubt in the
hands of a skilled experimenter it will be possible to feel that the
amount of starting push required to set the bar moving is approximately
the same in any two or more cases, and experience will enable them
to obtain results which will agree with a fair amount of accuracy,
but if the instrument is placed in the hands of a person using it for the
first time large errors will probably result.

Mr. W. H. F. MURDOCH (in reply): In reply to Mr. Beauchamp's M.r- . .
, . T , " , , v 1 J l • . i i. • T Murdoch.

question, I have not yet made any experiments on sheet iron. I see
no reason, however, why it could not be tested if clamped into
a block and allowed to slide edgewise, as suggested. Regarding the
scraping of surfaces, referred to by Mr. Williams, these were scraped
as carefully as possible, and after the lapse of one and a half years I
have not found any departure from the original value of the friction
coefficient. That, is to say, I still obtain 0*155, or O'i56, from the
average values. With reference to his remarks regarding the machin-
ing, or tooling, of the specimen under test, those before the members
were certainly surfaced for sliding, but otherwise only filed. It seems
to me, if one considers a small cylindrical specimen, the mass of the
material acted upon by the stresses due to tooling, such as turning in
a lathe, has a much greater ratio to the total mass of the specimen than
in the large specimens I use. In the case of a dynamo-field magnet
the material inside is certainly almost free from effects of machining,
and is in a large mass. I consider, therefore, the engineer wishes his
material tested under nearly similar conditions. In reply to Mr. King,
there is no reason why higher values of B were not used. The manu-
facturer, however, in using cast "iron, works at inductions of 4,000 to
6,000 lines, and my tests were under similar conditions. I was limited
also by time and the duties in a Technical College.

Referring to Mr. Wardale, he thinks the starting-push is not satis-
factory. A method of eliminating this is to use the screw starting
arrangement shown. In this way the specimen is always given an
equal starting-push. At the same time, I do not consider this at all
necessary. One reason for this is that in the formula for induction we
have—

In the denominator of the constant K it will be noticed that we
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Mr. have the coefficient of friction, which is itself measured bv observing
the pull. If ex is the error made in measuring the induction pull, and
e, the error in the friction coefficient, then we have the ratio—

Murdoch.

or (i ± — zf—) approximately, expanding by the Binomial Theorem.

Now, it appears the errors are of the same magnitude, and
they are opposite in sign, so that they cancel out completely. An
absolute determination of the coefficient of friction is unnecessary,
merely an accurate measurement of the ratio of the pulls being
required. Mr. Sampson refers to the tooling of the specimen with
which I have already dealt. With reference to determining the value
of H in the double-yoke method of testing, the value is almost com-
pletely free from error. In the single-yoke instrument the orders of
the error are indicated, and there is no reason why these should be
excessive. On a large specimen any error due to area of coil, being
different to that of the specimen itself, would have a less percentage
effect than in the case of a small specimen. I am not responsible

for the formula, -»—, to which Mr. Sampson takes exception. I con-
O7T

sider it perfectly correct, and proofs of it will be found in Clerk
Maxwell's Electricity and Magnetism, vol. ii. pp. 641-646, also in J. J.
Thomson 's Elements of Electricity and Magnetism, 1st ed. p . 266.

T h e value of the permeability, 200, given on page 151, is merely
an average value for cast iron.

Mr. Marsh refers to the size of specimens. This may vary within
wide limits, according to the method of testing double or single yoke
and the permeabili ty of the specimen. I have reasons, however, for
keeping them a certain shape, to which I shall allude later. He also
asks from which part of the curve B - H I get the most accurate values.
This is ra ther difficult to reply to offhand. T h e greater the pull the
less the error in measuring it becomes ; the accuracy of H depends on
instrumental errors to some extent, and to the c i rcumstances connected
with the design of the apparatus. I should think it possible with
a properly designed instrument to obtain an accuracy of 1 per cent.,
and I hope to manage this with an improved type. Wi th reference to
the remark of one speaker, regarding the measurement of friction by
observing the spaces passed over, this is perfectly sound, and was the
method used by Morin and other early experimenters on this subject,
to whom I have referred in the paper. I t really does not mat ter
whether the coefficient of friction is exact or not, so long as the tests
are made by the same experimenter. T h e errors cancel, as already
pointed out. For instance, one always makes an error with scale-pan
weights, owing to the friction of the pulley—that is, the weight in the
pan is always rather greater than it should be. However, the pulls and
true weight here follow a straight-line law (passing through zero)4 and
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since this merely multiplies (/—/») and y by the same constant, it is Mr.
entirely eliminated. Every one finding the value of the coefficient of
friction will obtain a slightly different value, depending on the sensitive-
ness to which they can measure the sliding. This also deals with the
point raised by Mr. Herbert. He stated that the instrument could
only be used by skilled experimenters. Now, I can detect pulls to
within an ounce, whereas a person using it for the first time would only
get to within two or three, but, as already pointed out, the errors
cancel out, so that the values of B would be the same. Referring
to Mr. Burnand's remarks regarding the distribution of flux over the
gaps, it is of course essential, in order that. the law of traction is
obeyed, that this should be uniform ; I have had this in view very
carefully. If B was not constant, then the pull would be—

P = ^ j B » d A dynes,

where B is an unknown function and dA an element of area. It
appears from ballistic tests I have made over gaps that, so long as the
pieces form a well-faced gap, the distribution is fairly constant. The
difficulty is more a question of correct facing of the gap surfaces than
of flux distribution, since the use of a narrow gap would eliminate any
errors due to flux distribution. Neither do I find the flux altering per-
ceptibly as the bar is allowed to slide—that is to say, to within i in 150
or so, the limit of accuracy of my experiments. Another speaker sug-
gested a method of measuring the coefficient of friction which, no
doubt, is quite correct, but this does not interest me. Regarding the
shape of the specimen, there is an advantage in having this of such a
shape that it demagnetises itself quickly. In making an experiment on
iron of this sort one wishes to leave the iron at the end of the experiment
pretty much in the same condition as it was when one started. Where
a closed magnetic circuit is used it is necessary to demagnetise the
iron through a hysteresis loop gradually approaching a point, at which
value we stop, and the magnetism is then taken entirely out of the
bar. In my case I do not go to that extreme at all, but simply reduce
the magnetism by reversing the current and inserting resistance in the
circuit.

Sometimes I used alternating current, and reduced it to a small
value. I chiefly used the reversing switch and continuous current. In
this way I reduced the current to, say, half an ampere or so. That left
the bar on the yoke with a certain amount of residual magnetism, and
when the bar is pulled off the yoke the magnetism goes down to a small
value. A few experiments were made on cast-iron and wrought-iron
bars. In Fig. D the ordinates represent the deflection of the ballistic
galvanometer and the abscissae the number of times the bar was lifted
off the yoke. The galvanometer was damped in each case, so that the
intervals were about the same, namely, 25 seconds.

It will be noticed that the wrought iron demagnetises much faster
than cast iron, and sinks to a lower final value. Of course, the pull
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Mr.
Murdoch.

corresponding to an induction of about 200 lines per square centimetre
in the cast-iron bar is hardly measured by this instrument, so that there
is no necessity to demagnetise it further. In order to obtain the mag-
netisation of the yoke, this may be simply done by placing on it the
wrought-iron bar referred to above, which has a feeble residual value,
and connecting the ballistic galvanometer to a few turns wound on the
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yoke. On removing the bar a deflection is obtained, say St, proportional
to N, + Na, if N,, Na are the lines of induction in bar and yoke respec-
tively. Now, reversing the bar, we obtain Nt — N2 = #,. From these
equations,

the magnetisation of the yoke and wrought-iron bar is estimated easily.
My experiments show, that the yoke residual induction was only T^ of
that of the wrought-iron bar, so that it is quite negligible.




